Dalteparin, a low molecular weight heparin, attenuates inflammatory responses and reduces ischemia-reperfusion-induced liver injury in rats.
To examine whether dalteparin, a low molecular weight heparin, prevents hepatic damage by inhibiting leukocyte activation, we analyzed its effect on ischemia/reperfusion (I/R) injury of rat liver in which activated leukocytes play a critical role. Prospective, randomized, controlled study. Research laboratory at a university medical center. Male Wistar rats weighing 220-280 g. Hepatic damage was evaluated by changes in serum transaminase concentrations after I/R. Coagulation abnormalities were evaluated by changes in serum concentrations of fragment E of fibrin and fibrinogen degradation products after I/R. Hepatic tissue blood flow was measured by laser-Doppler flow meter. Hepatic edema was evaluated by determination of the change in the wet/dry tissue weight ratio. Rats were intravenously injected with dalteparin or unfractionated heparin (300 units/kg) and subcutaneously injected with DX9056a, a selective inhibitor of activated factor X (3 mg/kg). To determine whether dalteparin inhibits leukocyte activation, we examined the effect of dalteparin on hepatic concentrations of interleukin-12, tumor necrosis factor-alpha, and hepatic myeloperoxidase activity after I/R in vivo. In addition, we examined increases in tumor necrosis factor-alpha production in rat monocytes and in intracellular calcium concentrations in neutrophils in vitro. We also examined the effect of dalteparin on endothelial production of prostacyclin using isolated rat hepatic sinusoidal cells in vitro. Intravenous administration of dalteparin inhibited increases in serum levels of both transaminases and serum concentrations of fragment E of fibrin and fibrinogen degradation products in animals subjected to hepatic I/R. Hepatic tissue blood flow after reperfusion was increased by dalteparin. Dalteparin inhibited hepatic edema, increases in hepatic tissue levels of interleukin-12 and tumor necrosis factor-alpha, and accumulation of neutrophils in animals subjected to hepatic I/R. Neither DX9065a nor unfractionated heparin showed any therapeutic effects, despite potent inhibition of increases in serum levels of fragment E of fibrin and fibrinogen degradation products. Neither monocytic tumor necrosis factor-alpha production nor neutrophil activation was inhibited by dalteparin in vitro. Dalteparin enhanced the hepatic I/R-induced increases in hepatic tissue levels of 6-keto-prostaglandin (PG) F1alpha, a stable metabolite of prostacyclin, which is capable of inhibiting monocytic tumor necrosis factor-alpha production. Pretreatment with indomethacin completely reversed both of the therapeutic effects of dalteparin, whereas pretreatment with NS-398, a selective inhibitor of cyclooxygenase-2, did not. Dalteparin did not directly increase the endothelial production of prostacyclin in vitro. Dalteparin might reduce I/R-induced liver injury in rats by attenuating inflammatory responses. These therapeutic effects might be independent of its anticoagulant activity but dependent on its capacity to enhance endothelial production of prostacyclin via cyclooxygenase-1 activation. Furthermore, the mechanism or mechanisms by which dalteparin promotes the endothelial production of prostacyclin in vivo might involve unknown factors other than endothelial cells.